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Abstract
The effect of storage time at a temperature of 8°C on the direction and dynamics of changes in 
quality traits of eggs was investigated in shelled table eggs obtained from different egg production 
systems (cage system – CS, barn system – BS, free-range system – FRS). After 7, 14 and 28 d of 
storage, eggs from each housing system were tested for physical characteristics and for cholesterol 
content and fatty acid profile in the yolk. The weight of eggs from all studied housing systems 
declined with storage duration. The rate of weight loss was smallest in eggs from CS (P<0.05). Stor-
age duration influenced eggshell traits but the rate and direction of these changes did not differ 
among the studied housing systems. Albumen height and Haugh unit score for eggs from rearing 
systems under study declined during storage (P<0.05). The greatest reduction of albumen height 
(18.85%) after the storage period was observed for CS eggs and the lowest (13.24%) for FRS eggs 
(P<0.05). No effect of storage duration on yolk colour intensity was observed for eggs from all the 
studied housing systems (P>0.05). Albumen pH increased with storage duration in eggs from all 
the egg production systems (P<0.05). The increase in the yolk pH during storage was the highest 
in FRS eggs and the lowest in the CS eggs. The storage duration of eggs from the different hous-
ing systems did not significantly influence albumen foaming capacity but adversely affected foam 
stability. There was no impact of storage duration of eggs from different housing systems on cho-
lesterol content in the yolk. Eggs obtained from the different housing systems showed diverse fatty 
acid profiles in the yolk but this parameter did not significantly change during storage (P>0.05).
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In accordance with the Regulation (European Union) 2017/625, table eggs can be 
produced in furnished cage, deep-litter, free-range and organic systems. In general, 
laying hen rearing systems differ in stocking density, free access and performing 
natural behavioural patterns, grooming, scratching, exploration, etc., which impacts 
on the level of laying hen welfare. Housing systems that have free access are con-
sidered as the best welfare-friendly systems (Pettersson et al., 2016). Under pressure 
from consumers and welfare movements, layer hen welfare became an important is-
sue in stimulating market innovations which led to the classification of commercially 
available table eggs into different categories. It has provided consumers with a tool 
to make informed choices of the eggs produced in their preferred housing system 
(Buller and Roe, 2014; Scrinis et al., 2017). Consumers are aware of the housing sys-
tem in which an egg has been produced from the alphanumeric code printed on each 
egg in which the first digit signifies the housing system (Commission Regulation EC 
No. 589/2008). Many consumers may prefer eggs from alternative housing systems 
in spite of their higher prices (Timoshanko, 2015; Clark et al., 2017). Housing sys-
tems that allow free access to outdoors are gaining popularity among the other al-
ternative housing systems (Rault et al., 2013). In recent years, a constant downward 
trend has been observed in the numbers of hens housed in the cage systems (Riddle 
et al., 2018). Although the dynamics of those changes vary between the countries, the 
proportion of hens kept in cage systems in Europe fell by nearly 10% between 2010 
and 2015 – from 65.5% to 56.1% (Windhorst, 2017). In 2017, the number of hens 
kept in cage systems in the European Union dropped to 53.2%, and in 2019 – to 48%. 
In spite of the increasing interest of consumers in eggs from alternative systems and 
the declining trend in the numbers of laying hens maintained in the cage system in 
favour of alternative systems (Riddle et al., 2018), cage eggs are still the backbone of 
egg supply to consumers and the processing industry in many EU countries.

Since a variety of housing systems are in use, it is necessary to determine how the 
housing system influences egg quality traits. In recent years, there have been many 
scientific studies concerning the effect of rearing system on egg quality. An extensive 
review of the scientific literature concerning the effect of different rearing systems of 
laying hens on egg quality characteristics has been published by Rossi and De Reu 
(2011) and Jones (2017). 

Due to a special structure and content of biologically active compounds, eggs be-
long to the most durable food products of animal origin. Shell and shell membranes 
are relatively effective in protecting egg contents from microbiological contamina-
tion but do not prevent aging processes accompanied by physicochemical changes in 
egg contents (Berardinelli et al., 2008). Storage time is one of the fundamental fac-
tors affecting the eggs’ quality deterioration (Brodacki et al., 2019). One of the major 
changes during the storage of table eggs is a decrease in the height of dense albumen 
and the associated number of Haugh units (Vlčková et al., 2019; Drabik et al., 2021). 
The movement of carbon dioxide and moisture through the egg shell increases the 
pH of the albumen and the yolk, decreases moisture percentage of egg albumen and 
decreases the albumen weight (Eke et al., 2013; Vlčková et al., 2019). During egg 
storage, the weight of yolk increases due to the diffusion of water from albumen to 
yolk (Menezes et al., 2012). Sekeroglu et al. (2008) reported the increase in yolk 
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colour intensity during storage. Chen et al. (2019) demonstrated that the foaming 
ability decreased significantly while the foaming stability decreased slightly during 
cold storage. The changes of yolk fatty acid profile value during storage were found 
by Wang et al. (2017). Naviglio et al. (2012) documented that cholesterol content 
after storage was similar as before storage.

The aim of the present study was to evaluate the effect of housing system (cage, 
deep-litter, free-range) on rate and direction of changes in physical egg character-
istics during storage, functional properties of the albumen (pH, foaming capacity, 
foam stability) after storage, and level of cholesterol and fatty acid profile in the yolk.

Material and methods

The study was conducted on eggs from 3960 Hy-line Brown hens housed in dif-
ferent housing systems: 1320 in cage system (11 hens per cage, 750 cm2 per hen), 
1320 in barn system, on deep litter (7 birds per m2), 1320 in free-range system (in-
door stocking density was 9 hens/m2, while outdoor stocking density was 1 hen/4 m2). 
The daily photoperiod was set at 16 h light: 8 h darkness. The temperature was kept 
at 17–22°C with air humidity of 60–70%. All the hens were fed standard layer diet 
(15.32% protein; 2.88% fibre; 11.31% ash; 3.3% fat, 3.80% Ca) ad libitum and had 
free access to water. Fatty acid profile of the layer diet is presented in Table 1.

Table 1. Fatty acid profile of layer diet

Fatty acids1 Content (g/100 g)

Ʃ SFA2 16.74

Ʃ UFA3 83.26

Ʃ MUFA4 30.84

Ʃ PUFA5 52.42

PUFA n-6 49.37

PUFA n-3 3.05

PUFA n-6/n-3 16.18
1This diet was given in CS, BS, FRS housing systems.
2SFA – saturated fatty acids (C8, C10, C12, C14, C16, C18, C20, C22).
3UFA – unsaturated fatty acids (C16:1, C18:1, C22:1, C18:2, C20:4, gamma 18:3, C18:3, CLA, EPA, DHA).
4MUFA – monounsaturated fatty acids (C16:1, C18:1, C22:1).
5PUFA – polyunsaturated fatty acids (C18:2, C20:4, gamma 18:3, C18:3, EPA, DHA).

At 56 weeks of hen age, eggs were collected from each housing system. Physical 
characteristics of the eggs from each rearing system (CS, BS, FRS) were tested on 
the first day after laying and after 14-d and 28-d storage. All the eggs were stored at  
a constant temperature of 8°C and 45–50% humidity. The following physical char-
acteristics were determined: egg weight and yolk weight (g); shell characteristics: 
colour (%), weight (g), thickness (μm), density (mg/cm2), shell breaking strength 
(N); egg contents characteristics: thick albumen height (mm), Haugh units (HU), 
yolk colour (according to a 15-point La Roche scale), pH of the albumen and the 
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yolk. Foaming properties of the albumen, i.e. foaming capacity (%) and foam stabil-
ity (%) were also evaluated.

Egg weight was determined by weighing individually with a digital laboratory 
balance (Ohaus Navigator NOB 110, Sweden) exact to 0.1 g. Weight loss (%) of 
whole eggs was calculated according to the equation (Carter, 1975):

The percentage of egg morphological components (albumen, yolk and shell) was 
calculated based on their weights measured individually for each egg. 

Shell colour, eggshell weight, density and thickness, albumen height, Haugh 
units and yolk colour according to DSM scale were measured using electronic equip-
ment for egg quality measurements (EQM – Egg Quality Measurements, Technical 
Services and Supplies, UK).

Eggshell strength (N) was measured using a multipurpose testing system, model 
BT1-FR1.OTH.D14 with measuring head 100N and the test Xpertsoftware (Zwick/
Roell GmbH & Co. KG, Ulm Germany).

Cholesterol (mg/g and mg/egg) and fatty acid profile (g/100 g) in the yolk were 
determined on the first day after laying and after 28-d storage.

A gas chromatographic validated method was used for the determination of 
cholesterol in egg yolks (Gąsior and Pietras, 2013). The method involves KOH (60 
g/100 ml) saponification and hexane extraction of the cholesterol. Analysis was per-
formed in isothermal conditions (265°C) on a Shimadzu GC 2010 Plus gas chro-
matograph, on a column (30 m, I.D.=0.25 mm, df=0.25 mm) with 5% phenyl, 95% 
dimethylpolysiloxane phase, at helium flow 1.9 ml/min, and FID detector tempera-
ture 300°C. Cholesterol standard 5-Cholesten-3α-ol, C27H46O, for chromatography 
(Sigma-Aldrich, USA) and internal standard 5α-cholestane, C27H48,>97% (Sigma-
Aldrich, USA) for quantification was used.

Higher fatty acids in egg yolks were quantified as methyl esters by gas chroma-
tography. The samples were prepared according to Folch et al. (1957) whereby the 
sample was homogenised in chloroform: methanol in a 2:1 ratio, the solvent was 
evaporated, and the evaporation residue was saponified (0.5 N NaOH in methanol) 
and esterified (BF3 in methanol). The fatty acid methyl esters were extracted in hex-
ane and analysed with a Varian 3400 gas chromatograph using a column filled with 
acid-modified polyethylene glycol (e.g. Zebron ZB-WAX 30m), an 8200 CX autosa-
mpler and data processing software. 

Foaming properties were evaluated by foaming capacity (FC) and foam stability 
(FS) based on the method described by Ferreira et al. (1995) with some modifica-
tion. The foam was processed by whipping 100 ml of albumen for 3 min at 20°C 
using a mixer operating at 1220 rpm. The volumes of the foam and the drained liquid 
were assessed just after whipping and during holding up for 30 min at 20°C. For the 
determination of FC and FS, the following formula was used (Ferreira et al., 1995):

Weight loss =						        × 100 
initial egg weight – egg weight after storage

initial egg weight

FC (%) =                × 100%
FV
ILV
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where: FV – volume of foam, ILV – volume of the initial liquid phase, DV – vol-
ume of drainage.

The measurement of albumen and yolk pH was performed with a pH-meter (Han-
na Instruments).

The results were statistically analysed by Statistica 13.1. The results for the effect 
of storage time (T) and housing system (S) were subjected to a two-way analysis of 
variance. The main effects (S – effect of housing system, T – effect of storage time) 
and the effect of S×T interaction were determined. Significant differences between the 
means in the groups were estimated by Duncan’s test. Differences were considered as 
significant at P<0.05, and highly significant at P<0.01 (StatSoft, Software Inc., PL). 

The alterations (reduction or increase) in every quality trait of eggs were calculated 
as a difference between the value of a trait determined on the first day after laying and 
the value of this trait after 14 and 28 d of storage, and were expressed as a percentage. 

Results

The eggs of the Hy-line Brown laying hens reared in various housing systems 
differed in weight (P<0.05). The weight of the eggs from all the housing systems 
(CS, BS, FRS) declined with storage time (Table 2). The lowest egg weight reduction 
during 28-d storage was observed for cage eggs (3.31%), while the weight reduction 
of eggs from different alternative systems was larger and ranged from 4.13% in the 
deep-litter (BS) eggs to 5.81% in the free-range (FRS) eggs.

The present study indicated that storage duration influenced the weight of all the 
morphological components of the eggs from all the housing systems (CS, BS, FRS) 
(P<0.05). After 28-d storage, the smallest shell weight reduction (4.47%) was noted 
in cage (CS) eggs, while in eggs from alternative systems it ranged from 7.15% in 
BS eggs to 9.86% in FRS eggs. In contrast, yolk weight increased with storage time 
(P<0.05) (Table 2). After 28-d storage, the yolk weight increase was the highest in 
the CS eggs (7.16%) and the lowest (5.50%) in the FRS eggs. In addition, water con-
tent increased in the yolk and decreased in the albumen. The albumen weight in the 
tested eggs declined during storage. The greatest albumen weight reduction was seen 
in the free-range eggs (9.76%) and the lowest in the cage eggs (7.87%). 

Our study did not show the effect of storage duration on the shell colour intensity 
in the eggs from all the rearing systems (Table 3). We also showed no influence of 
storage duration on shell characteristics (thickness, density, strength) in the eggs 
from the different housing systems (Table 3).

Storage duration affected albumen height and Haugh unit score in the eggs from the 
studied housing systems (P<0.05) (Table 4). Thick albumen height and Haugh unit score 
declined with storage time (Table 4). The largest differences in albumen height after stor-
age were seen in the cage eggs (18.85%) and the smallest in the FRS eggs (13.25%). The 
cage eggs showed the largest decrease in Haugh unit score in the course of 28-d storage 
(10.27%), while the decrease was the smallest in the free-range (6.20%).

FS (%) =                × 100%ILV – DV
ILV
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Table 6. The effect of storage duration on the level of cholesterol in the yolk of the eggs from the dif-
ferent housing systems

Cholesterol2 Time
Egg label1 P-value for main effects3

CB BS FRS T S T×S
mg/g 1 14.43 14.34 14.51 0.58 0.05 0.37

28 13.62 14.29 13.75
SEM 0.28 0.10 0.33

mg/egg 1 255.92 269.81 261.34 0.77 0.23 0.99
28 258.34 271.45 262.94

SEM 431 5.32 8.98

Explanations:
1eggs from laying hens raised in: furnished cages – CS, barns – BS, free-range – FRS.
2n = 5 samples at any sampling time; 1 sample = 3 yolks.
3values differing at P<0.05 are statistically significant; T – effect of storage duration, S – effect of housing 

system.

Table 7. The effect of storage duration on fatty acid profile in the yolk of the eggs from the different 
housing systems (g/100 g)

Fatty acids2 Time
Egg label1 P-value for main effects3

CS BS FRS T S T×S
SFA4 1 36.74 35.78 34.21 0.81 0.19 0.95

28 36.33 35.33 34.37
SEM 0.42 0.62 1.19

UFA5 1 63.26 64.22 65.79 0.81 0.20 0.96
28 63.67 64.69 65.63

SEM 0.39 0.60 1.19
MUFA6 1 42.58 45.08 47.87 0.06 < 0.05 0.61

28 39.67 a 42.05 46.95 b
SEM 0.94 0.85 1.06

PUFA7 1 20.68 19.13 17.93 0.19 0.24 0.81
28 23.99 a 22.63 a 18.68 b

SEM 1.72 0.94 2.03
PUFA n-6 1 18.60 17.68 15.77 0.22 0.19 0.79

28 21.97 20.84 16.27
SEM 1.74 0.92 2.06

PUFA n-3 1 1.40 a 1.09 b 1.91 c 0.42 < 0.05 0.68
28 1.37 a 1.16 a 1.73 b

SEM 0.14 0.03 0.05
PUFA n-6/n-3 1 14.87 a 16.58 a 8.43 b 0.26 < 0.05 0.95

28 17.22 18.14 a 9.78 b
SEM 2.17 1.03 1.32

Explanations: 
1eggs from laying hens raised in: furnished cages – CS, barns – BS, free-range – FRS.
2n = 5 yolks at each assessment time.
3values differing at P<0.05 are statistically significant; T – effect of storage duration, S – effect of housing 

system.
4SFA – saturated fatty acids (C8, C10, C12, C14, C16, C18, C20, C22).
5UFA – unsaturated fatty acids (C16:1, C18:1, C22:1, C18:2, C20:4, gamma 18:3, C18:3, CLA, EPA, DHA).
6MUFA – monounsaturated fatty acids (C16:1, C18:1, C22:1).
7PUFA – polyunsaturated fatty acids (C18:2, C20:4, gamma 18:3, C18:3, EPA, DHA).
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Eggs produced in the studied rearing systems differed in yolk colour intensity 
(P<0.05). However, storage duration had no effect on the yolk colour intensity in 
eggs from the housing systems (P>0.05) (Table 4).

The albumen pH measured on the first post-laying day was the lowest in the 
deep-litter eggs and the highest in the cage eggs (P<0.05). Albumen pH was shown 
to increase with storage duration in the eggs from all the studied housing systems 
(P<0.05) (Table 5). However, storage time influenced the dynamics of changes in 
this trait in the rearing systems (P<0.05).

The yolk pH value determined on the first day after laying was the lowest in the 
deep-litter (BS) eggs and the highest in the cage eggs (P<0.05) (Table 5). Yolk pH 
increased with storage time in the eggs from all the rearing systems (P<0.05). The 
greatest increase in this trait value was observed in the free-range eggs (6.49%) and 
the lowest in the cage eggs (4.88%).

The highest foaming capacity on the first post-laying day was observed in the 
free-range (FRS) eggs and the lowest in the cage (CS) eggs. Storage time had no 
effect on the foaming capacity of albumen of the eggs from all the studied housing 
systems (P>0.05).

In the present study, foam stability deteriorated with storage duration (Table 5). 
The smallest foam stability changes were observed in the BS eggs (5.07%) and the 
highest in the FRS (5.94%).

Our study demonstrated that 28-d storage of eggs did not influence the choles-
terol level in the yolk of the eggs from the studied housing systems (Table 6).

The eggs obtained from the various rearing systems differed in the fatty acid pro-
file in the yolk (Table 7). The highest level of MUFA and the lowest level of PUFA 
were characteristic of the egg yolks from the free range system (P<0.05). The fatty 
acid profile in the yolk of eggs from the studied housing systems (CS, BS, FRS) 
did not significantly change during storage (P<0.05). The PUFA n-6/n-3 ratio was 
smaller in the egg yolk from FRS system compared to CS and BS systems (P<0.05). 
The fatty acid profile in the yolk of eggs from the studied housing systems (CS, BS, 
FRS) did not significantly change during storage (P>0.05).

The interactions between housing systems and storage time were significant for 
yolk colour (P<0.05). 

Discussion

In our study, the egg weight of Hy-line Brown laying hens from all the hous-
ing systems (furnished cages, barn system, free-range system) declined with storage 
time. Egg weight reduction during storage was also noted by Jin et al. (2011), Tayeb 
(2012), Eke et al. (2013), Chung and Lee (2014), Vlčková et al. (2019), Tomczyk 
et al. (2019). According to Eke et al. (2013), egg weight reduction during storage is 
caused by a loss of water and carbon dioxide, and the rate of egg weight reduction 
depends on storage temperature and the number of pores in the eggshell and also on 
the rate of changes in the mucin layer coating the shell. According to Zhang et al. 
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(2016), egg volume and area are important in egg quality assessment. These traits 
can also be significant for egg weight reduction during storage. The largest weight 
losses of eggs from the alternative systems (BS, FRS) can be related to their smaller 
weight and more disadvantageous area-to-weight ratio (Zhang et al., 2016). 

The present study indicated that storage duration influenced the weight of all 
the morphological components of the eggs from all the housing systems. The yolk 
weight in the tested eggs increased with storage time. A similar direction of storage-
related changes (i.e. weight increase) in the yolk weight in the eggs from all the hous-
ing systems can be explained by the diffusion of water through the vitelline mem-
brane to the yolk which results in the increase in its volume and weight (Hidalgo et 
al., 2008). Reduction of the egg white weight in storage can be associated with the 
migration of water through the vitelline membrane to the yolk and the evaporation 
of water from the protein through the egg shell (Brodacki et al., 2019). The study 
showed the effect of the storage time on the shell weight. Shell weight losses during 
egg storage were also found by Samli et al. (2005) and Jin et al. (2011).

Our study did not show the effect of storage duration on shell characteristics in 
the eggs from the different housing systems. Alsobayel and Albadry (2011) observed 
a decrease in shell thickness and an increase in shell density after 20-d storage, which 
was seen also in our study as a tendency, although it was statistically insignificant. 

Storage duration affected albumen height and Haugh unit score in the eggs from 
the studied housing systems. Albumen height reduction during storage was also re-
ported by Ramos et al. (2008), Buba et al. (2013), Chung and Lee (2014), and Kraw-
czyk and Obrzut (2016). Raji et al. (2009) confirmed the influence of storage time 
on thick albumen quality which in their opinion became aqueous due to structural 
losses. The Haugh unit score reduction during storage was also indicated by Al-
sobayel and Albadry (2011) and Tomczyk et al. (2019).

In our study, the cage eggs showed the largest decrease in Haugh unit score in 
the course of 28-d storage. Jones et al. (2014) did not demonstrate significant differ-
ences in the rate of reduction of different egg quality parameters after 4-wk storage 
between various housing systems but Tomczyk et al. (2019) after 4 wk of storage 
at 8°C demonstrated significant differences in the rate of reduction of different egg 
quality parameters. Eggs produced in the studied housing systems differed in yolk 
colour intensity. However, storage duration had no effect on the yolk colour intensi-
ty. Alsobayel and Albadry (2011) also did not note the impact of storage time on yolk 
colour intensity, but Jin et al. (2011) documented that storage duration significantly 
affected the yolk colour intensity which declined with time. However, Sekeroglu et 
al. (2008) reported the opposite results, i.e. an increase in yolk colour intensity dur-
ing storage. The discrepancy of the results on the direction of the changes in yolk 
colour intensity obtained by the different authors can be explained by yolk marbling, 
which develops during storage. According to King’ori (2012), longer storage of eggs 
causes vitelline membrane deterioration, leading to permeation of water and albu-
men to the yolk and to the appearance of spots of different shades.

Albumen pH was shown to increase with storage duration in the eggs from all 
the studied housing systems. The increase in albumen pH value during storage that 
was observed in our studies can be explained by carbon dioxide release. An increase 
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in albumen pH during storage was also reported by Silversides and Budgell (2004), 
Samli et al. (2005) and Akyurek and Okur (2009). In addition, an interaction be-
tween storage time and albumen pH was observed by Jin et al. (2011), who found 
that pH rapidly increased in the first days of storage and then the rate of pH increase 
declined. This relationship was also confirmed by our study.

Yolk pH increased with storage time in the eggs from all the rearing systems. The 
elevation of yolk pH value observed by us corresponds with the results of other au-
thors (Chung and Lee, 2014; Wang et al., 2015; Drabik et al., 2021). During storage 
of eggs, yolk pH increases because of absorption of water from the albumen or lipid 
peroxidation of polyunsaturated fatty acids (Wang et al., 2015). 

Storage time had no effect on the foaming capacity of albumen of the eggs from 
all the studied housing systems. Hammershøj and Qvist (2001) also did not reveal 
any impact of storage time on foaming capacity of albumen. It was shown that many 
factors influenced foaming capacity of albumen, including pH (Sadahira et al., 2015), 
protein concentration (Lau and Dickinson, 2010), ionic strength (Kato et al., 1983), 
intermolecular interactions (Żmudziński et al., 2014), protein composition (Johnson 
and Zabik, 2010) and temperature (Samli et al., 2005). Kuropatwa et al. (2009) also 
found a better foaming capacity of albumen at pH 5 than at pH 7 and 9.

Foam stability is an important characteristic of albumen because egg foam is  
a component of numerous food products, e.g. bread, cakes, ice cream, and con-
fectionery (Curschellas et al., 2012; Li et al., 2019). Therefore, the present study 
demonstrated that storage time did not significantly impair foaming capacity but 
adversely affected foam stability, which can be connected with the changes in albu-
men pH value during storage. Deterioration of foam stability after storage can also be 
related with structural changes in the albumen proteins (Alleoni and Antunes, 2004). 
According to Alleoni and Antunes (2004), pH rise during storage induces a transfor-
mation of a part of the N-ovalbumin molecules in the albumen into S-ovalbumin, 
which is less hydrophobic. It hinders the formation of a compact interface layer and 
the foam becomes less stable.

In our study, we found no effect of rearing system on the yolk cholesterol con-
tent of eggs. Similarly, Anderson (2011), Küçükyılmaz et al. (2012) and Dong et al. 
(2017) reported no effect of the housing system on egg yolk cholesterol content. Our 
study demonstrated that storage of eggs did not influence the cholesterol level in the 
yolk of the eggs. Naviglio et al. (2012) likewise documented that cholesterol content 
after 4-wk storage was similar as before storage.

The eggs are considered as one of the most complete foods in the human diet, 
especially due to their composition. Nutritionally they are one of the main sources 
of dietary lipids, impacting human health. The current study has confirmed the in-
fluence of housing systems on the content of fatty acids PUFA n-6 and PUFA n-3 
in egg yolks. Lordelo et al. (2017) also demonstrated that the content of PUFA n-6 
fatty acids in eggs from free-range systems was lower than in eggs from a litter floor 
system. The UFA content of free-range eggs can be associated with the outdoor ac-
cess, because the factors increasing the proportion of PUFA n-3 in egg yolk include 
forage, fresh vegetables and invertebrates (Campos et al., 2016). The optimum PUFA 
n-6/n-3 fatty acids ratio ranges from 4 to 10 (Simopoulos, 2000). In our study, this 
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PUFA n-6/n-3 ratio was found in free-range eggs, which points to the beneficial ef-
fect of outdoor access on this trait. During storage, the PUFA n-6/n-3 fatty acids ratio 
in the yolks of CS, BS and FRS eggs do not change significantly. During storage, 
the lipids can be hydrolysed by the endogenous enzymes in the egg yolk, ultimately 
changes in the fatty acid profile (Wang et al., 2017). In our study, the fatty acid profile 
in the yolk of eggs from the studied housing systems did not significantly change 
during storage at 8ºC for 28 days. It can therefore be assumed that in our own stud-
ies the rate of hydrolysis was low and had no effect on the fatty acids profile after 
storage.

Conclusions
The present studies indicated that: 
• Time has a significant influence on the loss of egg weight and the share of mor-

phological components in eggs from all tested systems,
• A slower rate of changes in pH, protein level and HU in eggs from FRS farming 

may indicate that they are better for the food industry than for CS and BS, 
• During storage, the fatty acid profile and cholesterol content in the yolks of CS, 

BS and FRS eggs do not change significantly. 

References

A k y u r e k  H., O k u r  A.A. (2009). Effect of storage time, temperature and hen age on egg quality in 
free-range layer hens. J. Anim. Vet. Adv., 8: 1953–1958.

A l l e o n i  A., A n t u n e s  A. (2004). Albumen foam stability and s-ovoalbumin contents in eggs coated 
with whey protein concentrate. Braz. J. Poultry Sci., 6: 105–110.

A l s o b a y e l  A.A., A l b a d r y  M.A. (2011). Effect of storage period and strain of layer on internal 
and external quality characteristics of eggs marketed in Riyadh area. J. Saudi Soc. Agricult. Sci., 
10: 41–45.

A n d e r s o n  K.E. (2011). Comparison of fatty acid, cholesterol, and vitamin A and E composition 
in eggs from hens housed in conventional cage and range production facilities. Poultry Sci., 90: 
1600–1608. 

B e r a r d i n e l l i  A.L., R a g n i  A.G., G w a r n i e  R. (2008). Physical, mechanical modification of 
eggs for food processing during storage. Poultry Sci., 87: 2117–2125.

B r o d a c k i  A., B a t k o w s k a  J., D r a b i k  K., C h a b r o s z e w s k a  P., Ł u c z k i e w i c z  P. 
(2019). Selected quality traits of table eggs depending on storage time and temperature. Brit. Food 
J., 121: 2016–2026.

B u b a  W., D a f w a n y  I.I., O l u g b e m i  T.S., O p o o l a  E., I y i o l a - T u n j i  A.O., O k a f o r  E.C. 
(2013). Effects of local storage methods of egg internal quality parameters during cold season.  
J. Anim. Prod. Res., 25: 45–51.

B u l l e r  H., R o e  E.J. (2014). Modifying and commodifying farm animal welfare: The economisation 
of layer chickens. J. Rural Stud., 33: 141–149. 

C a m p o s  A.M., R i c a r d o  F., A l v e s  E., R e i s  A., C o u t o  D., D o m i n g u e s  P., D o m i n - 
g u e s  M.R.M. (2016). Lipidomic investigation of eggs’ yolk: Changes in lipid profile of eggs from 
different conditions. Food Res. Int., 89: 177–185. 

C a r t e r  J.C. (1975). The hen’s egg: Estimation of shell superficial area and egg volume, using measure-
ments of fresh egg weight and shell length and breadth alone or in combination. Brit. Poultry Sci., 
16: 541–543. 

C h e n  Y., S h e n g  L., G o u d a  M., M a  M. (2019). Studies on foaming and physicochemical proper-
ties of egg white during cold storage. Colloids Surf. A Physicochem. Eng. Asp., 582: 123916.



Storage duration effect on egg quality in different housing systems 473

C h u n g  S.H., L e e  K.W. (2014). Effect of hen age, storage duration and temperature on egg quality in 
laying hens. Int. J. Poultry Sci., 13: 634–636.

C l a r k  B., S t e w a r t  G.B., P a n z o n e  L.A., K y r i a z a k i s  I., F r e w e r  L.J. (2017). Citizens, con-
sumers and farm animal welfare: A meta-analysis of willingness-to-pay studies. Food Policy, 68: 
112–127.

Commission Regulation (EC) No 589/2008 of 23 June 2008 laying down detailed rules for implementing 
Council Regulation (EC) No 1234/2007 as regards marketing standards for eggs. 

C u r s c h e l l a s  C., K e l l e r  R., B e r g e r  R., R i e t z l e r  U., F e l l  D., B u t t  H.J. (2012). Scan-
ning force microscopy as a tool to investigate the properties of polyglycerol ester foams. J. Colloid 
Interface Sci., 374: 164–175.

D o n g  X.Y., Y i n  Z.Z., M a  Y.Z., C a o  H.Y., D o n g  D.J. (2017). Effects of rearing systems on laying 
performance, egg quality, and serum biochemistry of Xianju chickens in summer. Poultry Sci., 96: 
3896–3900.

D r a b i k  K., B a t k o w s k a  J., P r ó c h n i a k  T., H o r e c k a  B. (2021). Citric acid as a factor limiting 
changes in the quality of table eggs during their storage. Poultry Sci., 100: 100995. 

E k e  M.O., O l a i t a n  N.I., O c h e f u  J.H. (2013). Effect of storage conditions on the quality attributes 
of shell (table) eggs. Nigerian Food J., 31: 18–24.

F e r r e i r a  M., B e n r i n g e r  R., J o s t  R. (1995). Instrumental method for characterizing protein 
foams. J. Food Sci., 60: 90–93.

F o l c h  J., L e e  M., S l o a n - S t a n l e y  G.H. (1957). A simple method for the isolation and purifica-
tion of total lipids from animal tissues. J. Biol. Chem., 226: 497–509.

G ą s i o r  R., P i e t r a s  M. (2013). Validation of a method for determining cholesterol in egg yolks. 
Ann. Anim. Sci., 13: 143–153.

H a m m e r s h ø j  M., Q v i s t  K. (2001). Importance of hen age and egg storage time for egg albumen 
foaming. Lebensm. Wiss. Technol., 34: 118–120.

H i d a l g o  A., R o s s i  M., C l e r i c i  S., R a t t i  S. (2008). A market study on the quality characteris-
tics of egg from different housing systems. Food Chem., 106: 1031–1038.

J i n  Y.H., L e e  K.T., L e e  W.I., H a n  Y.K. (2011). Effect of storage temperature and time on the quality 
of eggs from laying hens at peak production. Asian Australas. J. Anim. Sci., 24: 279–284.

J o h n s o n  T.M., Z a b i k  M.E. (2010). Response surface methodology for analysis of protein interac-
tions in angel food cakes. J. Food Sci., 46: 1226–1230.

J o n e s  D.R. (2017). The effects of laying hen housing systems on egg safety and quality. In: Achieving 
sustainable production of eggs, Volume 1: Quality and safety, Roberts J.J. (ed.). Burleigh Dodds 
Science Publishing, Cambridge, England, pp. 195–213. 

J o n e s  D.R., K a r c h e r  D.M., A b d o  Z. (2014). Effect of a commercial housing system on egg qual-
ity during extended storage. Poultry Sci., 93: 1282–1288.

K a t o  A., T a k a h a s h i  A., M a t s u d o m i  N., K o b a y a s h i  K. (1983). Determination of foaming 
properties of proteins by conductivity measurements. J. Food Sci., 48: 62–65.

K i n g ’ o r i  A. (2012). Egg quality defects: types, causes and occurrence: a review. J. Anim. Prod. Adv., 
2: 350–357.

K r a w c z y k  J., O b r z u t  J. (2016). Kształtowanie się jakości jaj przechowywanych w zróżnicowa-
nych warunkach pochodzących od wybranych populacji kur objętych programem ochrony (in Po-
lish). Wiad. Zoot., LIV: 53–60. 

K u r o p a t w a  M., T o l k a c h  A., K u l o z i k  U. (2009). Impact of pH on the interactions between 
whey and egg white proteins as assessed by the foamability of their mixtures. Food Hydrocolloids, 
23: 2174–2181.

K ü ç ü k y ı l m a z  K., B o z k u r t  M., N u r  H e r k e n  E., Ç ı n a r  M. (2012). Effects of reading sys-
tems on performance, egg characteristics and immune response in two layer hen genotype. Asian 
Australas. J. Anim. Sci., 25: 559–568.

L a u  K., D i c k i n s o n  E. (2010). Structural and rheological properties of aerated high sugar systems 
containing egg albumen. J. Food Sci., 69: 232–239.

L i  X., L i  J., C h a n g  C., Wa n g  C., Z h a n g  M., S u  Y. (2019). Foaming characterization of fresh 
egg white proteins as a function of different proportions of egg yolk fractions. Food Hydrocolloids, 
90: 118–125.

L o r d e l o  M., F e r n a n d e s  E., B e s s a  R.J.B., A l v e s  S.P. (2017). Quality of eggs from differ-



Z. Sokołowicz et al.474

ent laying hen production systems, from indigenous breeds and specialty eggs. Poultry Sci., 96: 
1485–1491.

M e n e z e s  P.C.D., L i m a  E.R.D., M e d e i r o s  J.P.D., O l i v e i r a  W.N.K.D., E v ê n c i o - N e t o  J. 
(2012). Egg quality of laying hens in different conditions of storage, ages and housing densities. R. 
Bras. Zootec., 41: 2064–2069.

N a v i g l i o  D., G a l l o  M., L e  G r o t t a g l i e  L., S c a l a  C., F e r r a r a  L., S a n t i n i  A. (2012). 
Determination of cholesterol in Italian chicken eggs. Food Chem., 132: 701–708.

P e t t e r s s o n  I.C., We e k s  C.A., W i l s o n  L.R.M., N i c o l  C.J. (2016). Consumer perceptions of 
free-range laying hen welfare. Brit. Food J., 118: 1999–2013.

R a j i  A.O., A l i y u  J., I g w e b u i k e  J.U., C h i r o m a  S. (2009). Effect of storage methods and time 
on egg quality traits of laying hens in a hot dry climate. ARPN J. Agric. Biol. Sci., 4: 1–7.

R a m o s  K.C.B.T., F l o r  H.R., C a m a r g o  A.M. (2008). Aspectos qualitativos de ovos comerciais ar-
mazenados em diferentes embalagens. In: Encontro Latino Americano De Pós-Graduação, 8, Anais. 
São Carlos, pp. 1–4.

R a u l t  J.L., Va n  d e  Wo u w  A., H e m s w o r t h  P.H. (2013). Fly the coop! Vertical structures influ-
ence the distribution and behaviour of laying hens in an outdoor range. Aus. Vet. J., 91: 423–426. 

Regulation (EU) 2017/625 of the European Parliament and of the Council of 15 March 2017.
R i d d l e  E.R., A l i  A.B., C a m p b e l l  D.L., S i e g f o r d  J.M. (2018). Space use by 4 strains of laying 

hens to perch, wing flap, dust bathe, stand and lie down. PLoS ONE., 13(1): e0190532. 
R o s s i  M., D e  R e u  K. (2011). Alternative hen housing systems and egg quality. In: Improving 

the safety and quality of eggs and egg products, Volume 1: Egg chemistry, production and con-
sumption, Nys Y., Bain M., Van Immerseel F. (eds). Woodhead Publishing, Cambridge, England,  
pp. 351–375.

S a d a h i r a  M.S., L o p e s  F.C.R., R o d r i g u e s  M.I., Ya m a d a  A.T., C u n h a  R.L., N e t t o  F.M. 
(2015). Effect of pH and interaction between egg white protein and hydroxypropymethylcellulose in 
bulk aqueous medium on foaming properties. Carbohyd. Polym., 125: 26–34.

S a m l i  H.E., A g m a  A., S e n k o y l u  N. (2005). Effects of storage time and temperature on egg qual-
ity in old laying hens. J. Appl. Poultry Res., 14: 548–553.

S c r i n i s  G., P a r k e r  C., C a r e y  R. (2017). The caged chicken or the free-range egg? The regula-
tory and market dynamics of layer-hen welfare in the UK, Australia and the USA. J Agric Environ 
Ethics., 30: 783–808.

S e k e r o g l u  A., S a r i c a  M., D e m i r  E., U l u t a s  Z., T i l k i  M., S a a t c i  M. (2008). The effects 
of housing system and storage length on the quality of eggs produced by two lines of laying hens. 
Arch. Geflugelkd., 72: 106–109.

S i l v e r s i d e s  F., B u d g e l l  K. (2004). The relationships among measures of egg albumen height, pH 
and whipping volume. Poultry Sci., 83: 1619–1623.

S i m o p o u l o s  A.P. (2000). Symposium: Role of poultry products in enriching the human diet with n-3 
PUFA. Poultry Sci., 79: 961–970.

T a y e b  I.T. (2012). Effects of storage temperature and length on egg quality parameters of laying hen. 
J. Anim. Sci., 1: 32–36.

T i m o s h a n k o  A.C. (2015). Limitations of the market-based approach to the regulation of farm ani-
mals welfare. UNSW Law J., 38: 514–543.

T o m c z y k  Ł., S z a b l e w s k i  T., S t u p e r - S z a b l e w s k a  K., N o w a c z e w s k i  S., C e g i e l -
s k a - R a d z i e j e w s k a  R. (2019). The influence of the conditions of acquisition and storage of 
table eggs on changes in their quality and the presence of mycobiota and Fusarium mycotoxins. 
Poultry Sci., 98: 2964–2971.

V l č k o v á  J., T u m o v a  E., M i k o v a  K., E n g l m a i e r o v a  M., O k r o u h l a  M., C h o d o v a  D. 
(2019). Changes in the quality of eggs during storage depending on the housing system and the age 
of hens. Poultry Sci., 98: 6187–6193.

Wa n g  Q.L., J i n  G.F., Wa n g  N., G u o  X., J i n  Y.G., M a  M.H. (2017). Lipolysis and oxidation of 
lipids during egg storage at different temperatures. Czech J. Food Sci., 35: 229–235.

Wa n g  X., W u  S., Z h a n g  H., Yu e  H., Q i  G., L i  J. (2015). Effect of dietary protein sources and 
storage temperatures on egg internal quality of stored shell eggs. Anim. Nutr., 1: 299–304.

W i n d h o r s t  H.W. (2017). Dynamics and patterns of the EU egg industry. Lohmann Information, 51: 
42–48. 



Storage duration effect on egg quality in different housing systems 475

Z h a n g  W., X i a n g  W., Z h e n g  J.Q., Yo n g  H. (2016). A novel method for measuring the volume 
and surface area of egg. J. Food Eng., 170: 160–169.

Ż m u d z i ń s k i  D., P t a s z e k  P., K r u k  J., K a c z m a r c z y k  K., R o ż n o w s k i  W., B e r s k i  W., 
P t a s z e k  A., G r z e s i k  M. (2014). The role of hydrocolloids in mechanical properties of fresh 
foams based on egg white proteins. J. Food Eng., 121: 128–134.

Received: 24 VII 2020
Accepted: 28 IV 2021 


